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© Preparation of high surface area agglomerates for catalyst support and preparation of monolithic support structures 
containing them. 

(S) High surface area agglomerates of a porous oxide for the 
support of catalysts are provided. The agglomerates, in 
coarse particulate form, are incorporated into a sinterable 
ceramic structure as a discrete discontinuous phase. The 
agglomerates provide the high surface area necessary for 
effective catalyst support within the ceramic structure, which 
is sintered to provide appreciable density and strength. The 
particles of a high surface area agglomerate are provided by: 

(a) mixing into a substantially homogeneous body 

(i) a porous oxide having a surface area of at least 20 
m'/g selected from the group consisting of alumina, silica, 
spinel, titania, zeolite, zirconia. and mixtures of these; and 

(ii) a binder for the oxide, 

(b) drying the body; and 

(c) forming the body into particles having a median 
diameter of 50-250 microns. 
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P REPARATION OF HIGH SURFACE AREA 
AGGLOMERATES FOR CATALYST SUPPORT 
AND PREPARATION OF MONOLITHIC 
SUPPORT STRUCTURES CONTAINING THEM 



This invention is directed to monolithic ceramic 
catalyst supports and particularly to supports which 
contain a discrete high surface area phase incorporated 
within the ceramic matrix. 

5 The conventional ceramic monolithic catalyst 

consists of a ceramic support with a coating of high 
surface material upon which the catalyst is actually 
deposited. In particular, the ceramic support is normally 
prepared by sintering a mold of clay or other ceramic 

10 material at a high temperature to impart density and 
strength. This procedure normally results in a very 
small surface area, and consequently the ceramic must be 
coated with another material having a higher surface area, 
as well as specific chemical characteristics on which to 

15 actually deposit the catalyst. This procedure of de- 
positing a high surface area "wash coat" on the low 
surface area ceramic wall is disclosed/ for example, in 
U.S. Patent Nos. 2,742,437 and 3,824,196. 

Catalyst supports of this kind suffer from several 

20 disadvantages. In service, the supports are exposed to a 
flow of gases which often contain dusts or particulate 
matter, which can cause the high surface area coating to 
flake off the underlying ceramic support. This phenomenon 
can also occur where the support is exposed to thermal 

25 cycling because the wash coat and the underlying ceramic 
material often have different thermal expansion coef- 
ficients. Furthermore, catalysts deposited on the high 
surface area wash coat are susceptible to poisoning, 
such as by lead or phosphorous in service in automobile 

30 converters, and therefore must be periodically regener- 
ated or replaced. It is therefore an object of the 
present invention to provide a monolithic support having 
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a high surface area which is not easily abraded and 
which supports catalysts in a manner that resists 
poisoning. It is a further object of the invention to 
provide a monolithic support which has good mechanical 

5 properties while retaining the porosity and high surface 
area necessary for proper catalytic functioning. These 
and other objects are met by the invention to be described. 
Summary of the Invention 

The present invention provides a method of pre- 

10 paring high surface area agglomerates and a method of 
preparing a monolithic support for a catalyst which has 
a first substantially continuous sintered phase of 
ceramic material of high strength, and a second discon- 
tinuous phase of high surface area material embedded 

15 within the ceramic phase. The agglomerated high surface 
area phase is first prepared separately by mixing (a) 
a porous oxide having a surface area of at least 20 m 2 /g 
selected from the group consisting of alumina, silica, 
spinel, zeolite, titania, zirconia, and mixtures of 

20 these, and (b) a binder for the oxide; heating the mixture 
to a temperature up to 250°C to dry or cure it; and 
forming the dried or cured mass into coarse particles 
having a median diameter of 50 to 250 microns. The 
monolithic support is prepared by mixing 15-50 parts by 

25 weight of the particles with 50-85 parts by weight of a 
ceramic support material; forming this mixture into a 
honeycomb shape; and heating the shaped mixture to a 
temperature and for a tine sufficient to sinter the ceramics 
The monolithic support prepared in this manner 

30 contains a ceramic matrix sintered to a desirable level of 
strength, and a discontinuous phase of agglomerated porous 
oxide within the ceramic matrix to provide the high sur- 
face area to support catalyst. It has been recognized 
that the ceramic, although sintered, is itself porous and 

35 that the agglomerate particles, even though within the 
walls of the ceramic, are accessible to the target gas 
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stream and provide suitable surface area and extended 
catalyst life. The embedded high surface area material, 
upon which catalytically active materials are deposited, 
is protected from abrasion, and it is thought that the 

5 ceramic acts as a filter, by reaction or adsorption, to 
eliminate or bind with poisons before they can contact 
and adversely affect the catalyst itself. Another 
advantage of the monolithic supports of this invention, 
compared to those heretofore used, is the lower weight 

10 attributable to replacement of the denser ceramic 

material with the lighter high surface area agglomerates. 
In those applications requiring the catalyst to be 
thermally activated and to function quickly, such as in 
automotive catalytic convertors , the reduced thermal mass 

15 in the present monolith permits the "light off" temper- 
ature to be reached quickly. 
Detailed Description of the Invention 

As one aspect of the present invention, an 
agglomerated, high surface area material is prepared 

20 separately for subsequent incorporation into the monolithic 
catalyst support. Preparation is carried out by mixing 
a porous oxide and a binder for the oxide to form a sub- 
stantially homogeneous composition. The composition is 
heated to cure and harden the binder and to drive off 

25 other volatiles, and then formed into the coarse particles 
which will constitute the high surface phase within the 
ceramic matrix of the present catalyst support. 

The porous oxides suitable for use herein are those 
which, after calcining, have a surface area of at least 

30 20 square meters per gram, preferably at least 60 square 
meters per gram, and most preferably at least 100 square 
meters per gram. (As used herein, "calcining" means 
heating a material to a temperature below that at which 
the material begins to substantially lose its porosity 

35 and surface area) . Preferably the oxide is alumina, 
silica, a spinel, titania, zirconia, or a zeolite. 
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Mixtures of th oxides can also be used. The invention 
is not limited to these particular oxides, however , 
and as those skilled in the art will recognize, the 
invention contemplates the use of other materials which 

5 are commonly used as catalyst supports and which have 
the above-described characteristics. 

The aluminas useful in the preparation of the high 
surface area agglomerates of this invention are those 
which, upon calcining, provide aamma-alumina or other trans - 

10 ition aluminas having the specified surface area. Colloidal 
gamma-alumina can be used directly, or ™ alumina-pre- 
cursors" such as alpha-alumina monohydrate, or aluminum 
chlorohydrate can also be used. When alpha-alumina 
monohydrate is used, the particle size, although not 

15 critical, can be from less than 1 micron up to about 
lOO microns. Suitable commercially available materials 
of this kind are Kaiser SA substrate alumina, available 
from the Kaiser Chemical Division of Kaiser Aluminum 
Corporation, and the Catapal aluminas available from 

20 the chemical division of Conoco Corporation. The 
colloidal gamma -alumina is generally in the form of 
particles not exceeding 1 micron, but size is not critical. 
The aluminum chlorohydrate is generally in the form of 
an aqueous solution of aluminum chloride, preferably 

25 with an alumina content of at least 20% by weight. 
Suitable products of this kind are the Chlorohydrol , 

R R 

Rehydrol , and Rehabond alumina products available 
from Reheis Chemical Company. 

Spinels useful in the present invention are the 

30 magnesium aluminate spinels heretofore used as catalyst 
supports, including spinel solid solutions in which mag- 
nesium is partially replaced by such other metals as 
manganese, cobalt, zirconium, or zinc. Preferred spinels 
are magnesium aluminate spinels having 1-7 percent by 

35 weight alumina in excess of 1:1 MgO.Al 2 0 3 spinel; that is. 
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those having about 72.0-73.5 weight percent A1 2 0 3 
(balance MgO) . Spinels of this kind are available on 
order from Biakowski International Corporation, or can 
be prepared by co-precipitation or wet-mixing precursor > 
powders of alumina and magnesia, followed by drying and 
calcining. Such a procedure is described in D.S. Patent 
4,239,656, the disclosure of which is hereby incorpo- 
rated by reference. As a supplement to this disclosure, 
however, it has been found that calcining of the spinels 
10 should normally not exceed 1300'C for 2-2.5 hours., 
Calcining temperatures below 1200°C are preferred; . 
Suitable alumina precursor powders for preparation of 
the spinels are commercially available as Kaiser SA 
hydrated alumina or Conoco CATAPAL SB alumina (boehmite 
15 alpha-alumina monohydrate) . Magnesium oxide' component : 
powders found to be suitable are magnesium hydroxide <. 
slurry, about 40 weight percent MgO, available from- Dow 
Chemical Company, or hydrated magnesium carbonate. 

High surface area silica that can be used in pre- 
20 paring the agglomerates are the amorphous silicas of ; r 
about l-lO microns or sub-micron particle size such as 
CABOSIL EH-5 colloidal silica, available from Cabot., 
Corporation. Silica precursors, such as an aqueous ; 
suspension of colloidal silicate, can also be .used, .. High 
25 surface area titanias suitable for use in the agglomer-r 
ates are also commercially available, such as P25 Ti0 2 
available from DeGussa Corporation. Titahia precursors 
such as hydrolyzed titanium isopropoxide can also.be 
used. 

30 The use of zeolites to provide high surface area in 

various catalytic and molecular sieving operations is well 
known. Readily-available zeolites useful in the present 
invention include the crystalline a luminos ilicate . zeolites 
with the art-recognized designations A, X, and Y,and 

35 silicalite. Zeolites A, X and Y, and their methods of , 
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preparation, are disclosed in U.S. Patents 2,882,243; 
2,882,244 and 3,130,007 respectively. Disclosures of 
these patents is incorporated by reference. Silicalite 
is described in NATURE (271) , No. 5645 (1978) . 

5 Composites of alumina and silica also can form the 

basis for the high surface area agglomerates. Alumina- 
silica composites are commercially available from 
Davison Chemical Division of W. R. Grace Company and 
from the Norton Company, or can be prepared by the gel 

10 processes as described, for example, in U.S. Patents 
4,129,522 and 4,039,474. Alternatively, alumina and 
silica or their precursors can be mixed directly during 
the preparation of the agglomerates as described below - 
When the high surface area material is an alumina, 

15 spinel, or a mixture of alumina and silica, it is pre- 
ferred to add up to about 20 percent by weight (based 
on the alumina, spinel, or alumina-silica mixture weight) 
of a rare earth oxide. The preferred rare earth oxides 
are those of the "cerium subgroup", that is, elements 

20 of atomic number 57-62, particularly cerium and lan- 
thanum. Cerium oxide is most preferred. Particularly 
useful spinels, for example, are those in which about 
1 to 20 percent by weight, based on the total spinel 
weight, of cerium oxide is present. Cerium oxide is 

25 incorporated by adding, for example, cerium acetate, 
cerium carbonate, or cerium nitrate to the other pre- 
cursor powders during the spinel preparation. In like 
manner, particularly useful mixtures of alumina and sili- 
ca are those in which about 5 percent by weight, based on 

30 the total alumina and silica dry weight, of cerium oxide 
is present. 

The preferred porous oxides for use in mixing the 
high surface area agglomerates are the magnesium alumin- 
ate spinels and mixtures of 50-93 weight percent alumina 
35 and 7-50 weight percent silica, both on a dry calcined 
basis. The alumina/silica mixtures are particularly 
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preferred. 

The agglomerates of this invention are prepared 
by mixing a porous oxide material as described above 
with a binder for the oxide. The binder can be any 

5 material which will agglomerate the high surface area 
oxides for preparation of the coarse particles, for 
embedding in the ceramic monolith as a separate 
discontinuous phase, but will normally burn off at or 
before the sintering temperature of the ceramic. The 

10 binder can be any of the well-known materials for this 
purpose. Examples are thermosetting resins such as 
epoxies, polyfurfuryl alcohol, silicone resins, phenolic 
resins, diallyl phthalate, or polyester resins; or a 
thermoplastic resin such as poly (acrylonitrile) , poly- 

15 carbonates, polyethylene, polymerized ethylenically- 

unsaturated monomers such as poly (methyl methacrylate) or 
polystyrene, polyvinyl alcohol, or hydrated methyl 
cellulose. Most preferred for use as the binder are 
methyl cellulose, polyvinyl alcohol, or polymerized 

20 furfuryl alcohol. 

The agglomerates are prepared by combining the 
high surface area powders with the binder to form a 
homogeneous or substantially homogeneous mixture. The 
amount of binder used is such as will cause the powders 

25 to mass together. Normally 5-60 parts by weight of 

binder are used per lOO parts by weight of oxide powder. 
It is preferred to use only about 5-15 parts by weight, 
although when polymerized furfuryl alcohol is used, 
the higher levels are sometimes necessary to thoroughly 

30 wet and aggregate the powders. 

The binders can be dispersed or dissolved in a 
suitable diluent, such as water in the case of methyl 
cellulose and polyvinyl alcohol, and the powders then 
added to form a thick slurry. When polymerized furfuryl 

35 alcohol is to be the binder, it is preferred to polymerize 
the furfuryl alcohol in situ by mixing sufficient mono- 
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merle alcohol to wet the powders and then exposing the 
resultant mass to the vapors or a mist of an inorganic 
acid, preferably hydrochloric acid, to polymerize the 
alcohol. In either case, the mixture of binder and 

5 powders is preferably mulled and then extruded to effect 
further mixing. Extrusion is generally into a shape, 
preferably "noodle" shape, which will facilitate drying 
of the extruded mass. The noodles, can be, for example, 
ribbon-like or tubular, or can be solid with circular 

10 or polygonal cross-section. As used herein, "drying" 
includes curing the binder, as may be necessary, or 
driving off any volatiles which may be present in the 
binder. Accordingly, the mass is dried at a temperature 
below the sintering temperature of the powders, prefer- 

15 ably at room temperature up to about 250°C, and then 
pulverized to form the coarse particulate agglomerates 
of the invention. Any conventional pulverization 
techniques can be used, but use of a jaw crusher is 
preferred to attain the desired particle sizes. The 

20 particle sizes are preferably such that the median 

particle diameter is 50-250 microns, more preferably 55- 
100 microns. Generally, however, the particles are of 
a size that will not interfere with the subsequent 
preparation of the ceramic monolith but will result in 

25 the presence of a discernible discontinuous phase in the 
ceramic matrix. 

The most preferred agglomerates of this invention 
are those based on magnesium aluminate spinels and 
mixtures of alumina and silica. The most preferred 

30 binders are methyl cellulose and polymerized furfuryl 
alcohol where the polymerization takes place in the 
presence of the high surface area powders. 

A second aspect of the present invention is the 
monolithic support which incorporates the agglomerates 

35 as a high surface area phase. The ceramic matrix, which 
forms the high-strength support phase of the monolith, 
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is comprised of any of the well known sinterable materials 
capable of providing mechanical strength and good thermal 
properties in monolithic supports as heretofore prepared 
by those skilled in the art. Preferably the ceramic 
5 is selected from cordierite, mullite, clay, talc, 
zirconia, zirconia-spinel, alumina/ silica , lithium 
aluminosilicates , and alumina-zirconia composites. 
Mixtures of these can also be used to the extent that 
the chosen materials are compatible and will not degrade 

10 each other, as those skilled in the art will recognize. 

Unless otherwise described, the ceramic materials 
mentioned above are in their commonly utilized form. 
For purposes of this invention, however, particular points 
about the ceramic materials should be noted. Cordierite, 

15 although it can be in the precursor or "raw" form which 
becomes true cordierite upon heating, is preferably pre- 
reacted. When raw cordierite is used, it is preferred 
that up to 10% by total weight of B 2 0 3 be added to the 
raw batch. The zirconia-based ceramics used in the 

20 present invention are preferably those made directly from 
baddeleyite ore concentrates, as described in U.S. Patent 
4 ,461,843 to McGarry et al, but can be prepared by any 
conventional methods. The alumina-zirconia composites 
useful as the ceramic in this invention are preferably 

25 those based on alpha-alumina and raonoclinic zirconia, 

having 2-50 percent by weight zirconia. These composites 
can be prepared by methods known in the art. The preferred 
clay is kaolin. 

The ceramic material can contain substantial amounts 

30 of a component which causes intracrystalline and inter- 
crystalline microcracking to occur. Such microcracking 
enhances the thermal shock resistance of monolithic 
supports based on these ceramics and is therefore de- 
sirable when the monoliths, in service, may be exposed 

35 to rapid changes in temperature. Ceramic materials which 
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contain such a component, and are therefore contem- 
plated for use within the present invention are dis- 
closed in U.S. Patents 3/528,831; 3/549,400; and 
3/578/471; all issued to I.M. Lachman. A preferred 

5 microcracking agent for addition to the ceramic material/ 
is aluminum titanate, which is normally incorporated 
into the ceramic matrix as a "solid solution" with the 
basic ceramic material • An aluminum titanate solid 
solution with mullite is disclosed in U.S. Patent 

10 4/483/944 to Day, et al. The disclosures of the four 
above-mentioned patents are incorporated herein by 
reference. 

The monolithic supports are prepared by mixing the 
sinterable ceramic materials with the agglomerate materi- 
15 als described above and, optionally/ a binder. Com- 
mercially available agglomerated high-surface area 
particles can also be used. Examples are Alcoa 

Corporation's F-l boehmite agglomerates (Surface area 
2 

210 m /g; particles -100 mesh) or H-151 alumina (surface 
2 

20 area 390 m /g; particles -lOO mesh) . Generally about 
15-50 parts by weight of the agglomerate particles will 
be combined with 50-85 parts by weight of the ceramic 
material. Preferably, 3-20 parts by weight of binder 
will also be used. Any binder material conventionally 

25 used in ceramic catalyst support manufacture is suitable. 

Examples are disclosed in: 

"Ceramics Processing Before Firing," ed. by 
George Y. Onoda r Jr. & L.L. Hench, John Wiley & 
Sons, New York 

"Study of Several Groups of Organic Binders Under 
30 Low-Pressure Extrusion," C.C. Treischel & E.W. 

Emrich, Jour. Am. Cer. Soc. r (29) , pp. 129- 
132, 1946 

"Organic (Temporary) Binders for Ceramic Systems," 
S. Levine, Ceramic Age , (75) No. 1, pp. 39+, 
January 1960 

"Temporary Organic Binders for Ceramic Systems," 
S. Levine, Ceramic Age , (75) No. 2, pp. 25+ 
February 1960 




Preferred are methyl cellulose or a silicone resin. 
The silicone resins preferred for use are Dow Corning 
Corporation's Q6-2230 silicone resin or those described 
in U.S. Patent 3,090,691 to Weyer. The most preferred 

5 binder is methyl cellulose, available as Methocel R 
A4M from the Dow Chemical Company. Up to about 1 
percent by weight, based upon total mixture weight, 
of a surfactant, such as sodium stearate, can also be 
used to facilitate mixing and flow for subsequent pro- 

10 cessing. The mixing step should be performed in a liquid, 
such as water, which acts as a further plasticizer. 
When the binder is a silicone resin, it is preferred 
to use isopropyl alcohol in addition to water. 

The most preferred ceramic materials for use in 

15 this invention are the pre-reacted cordierite and 

mullite, including mullite with a microcracking agent. 
The ceramic material should be in particulate form, 
preferably of a size finer than 200 mesh (U.S. Standard) 
and most preferably finer than 325 mesh (U.S. Standard). 

20 The ceramic particles can be coarser, but should be at 
least as fine as the agglomerate particles. With such 
characteristics, the ceramic material can normally be 
sintered at temperatures below those at which the 
surface area of the agglomerates would be adversely 

25 affected. 

The monoliths are prepared by combining the 
components to form a homogeneous or substantially homo- 
geneous mixture. Conventional mixing equipment can be 
used, but the use of a mix muller is preferred, especially 

30 when plastic izing with water or isopropyl alcohol. To 
effect further mixing, the batch can subsequently be 
extruded through a "noodling" die one or more times. 
Ultimately, the batch is formed into a honeycomb shape, 
preferably by extrusion through a die. 

35 Finally, the honeycomb shapes are heated to a 

temperature and for a time sufficient to sinter the 
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ceramic material. Optionally f this heating/sintering 
step can be preceeded by drying the honeycombs at about 
100°-12O o C. The heating/sintering generally takes 
place at 800°-1200 0 C, although when silicone resin is 

5 used as binder for the ceramic matrix , particularly 
when the ceramic has a high alumina content, temper- 
atures as low as 500°C may be sufficient. With the 
retention of high surface area by the agglomerates, 
despite the temperatures used to sinter the ceramic, 

10 the monolithic support preferably has an overall surface 
area of at least 8-10 square meters per gram, preferably 
at least 15-20 m 2 /g. 

The monolithic supports of this invention may have 
some catalytic activity of their own by virtue of 

15 the chemistry and structure of the high surface area 
phase. The support may further carry additional cata- 
lytically active ingredients dispersed throughout, but 
generally more concentrated at the high surface area 
sites provided by the agglomerates. These additional 

20 catalytic ingredients can be incorporated into the 

monolith by methods known in the art. Preferably, these 
ingredients will be deposited onto the agglomerates after 
combining the agglomerates with the ceramic material, 
and fabricating and sintering the final structure. 

25 The monolithic supports of this invention are 

useful in most applications in which it is necessary to 
catalytically convert undesirable components in a gas 
stream prior to the stream's further processing or 
exhaustion to the atmosphere- The supports have good 

30 thermal shock resistance, particularly when the ceramic 
matrix phase is microcracked , and are therefore useful 
in applications in which they might be exposed to rapid 
and frequent changes in temperature. Capability to 
withstand thermal shock makes the supports of this in- 

35 vention particularly well suited for catalyzing the 
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conversion of truck or automotive exhaust gasses to 
less noxious forms. 

The following examples illustrate various embodi- 
ments of the invention. A particularly preferred 
5 embodiment is shown in Example 3. The examples are 
intended to be illustrative/ but not limiting, of the 
invention. 
EXAMPLE 1 

In the following parts A-C of this example, high 

10 surface area agglomerates based on alumina and silica 

were prepared. The alumina ingredient was Kaiser SA 

Substrate Alumina, a hydrated alumina which, after heat 

treatment at 600°C. for one hour, has a weight loss- 

on-ignition of 27 percent and provides gamma-alumina 

2 

15 having a surface area of 300 M /g. The silica ingred- 
ient was CAB0SIL EH-5 silica (Cabot Corp) , an amorphous 

2 

silica having a surface area of 400 m /g and a median 
crystallite size of 0.007 microns. 
EXAMPLE 1A 

20 93.3 parts by weight of the alumina and 6.72 

parts by weight of the silica were pre-mixed in a plastic 
jar on a roller for two hours. About 6 percent by weight 
of methyl cellulose, based on the alumina-silica total 
weight, was dispersed separately in distilled water 

25 which had been heated to 80°C. When the methyl cellulose 
was sufficiently dispersed, the alumina-silica mixture 
was added. The resultant mixture was stirred by hand 
and additional water was added, bringing the total 
water content to 90 parts by weight, until a thick slurry 

30 was produced. The slurry was dried overnight at 175°C 
to form a hard cake. The cake was crushed into particles 
of various dimensions for use in Examples 2-5, following. 
EXAMPLE IB 

The procedure of Example 1A was repeated except 
35 that polyvinyl alcohol was substituted for the same 
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weight of methyl cellulose. The slurry produced by 
this procedure was dried at 175°-200°C until a hard 
cake was obtained^ The cake was capable of being 
crushed into particles. 

5 EXAMPLE 1C 

93.3 parts by weight of the alumina and 6.72 
parts by weight of the silica were pre-mixed in a plastic 
jar on a roller for two hours. Sufficient monomeric 
furfuryl alcohol was added to this dry mixture to wet 

10 the mixture and enable it to be mixed by hand to form 
a thick mass. The mass, while still wet, was placed in 
a partially closed container in contact with the vapor 
from an agitated solution of aqueous hydrochloric acid, 
50 percent weight strength, to polymerize the alcohol. 

15 After polymerization, the agglomerate batch was heated 
to 2SO°C for six hours to drive off the volatiles. 
A hard cake was produced which was capable of being 
crushed into particles. 
EXAMPLES 2-6 

20 In these examples, compositions of the following 

ingredients were prepared, as described below in Table 
A, for the fabrication of honeycomb monolithic supports. 
Figures represent parts by weight. 
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For each example, the compositions were formu- 
lated by combining all ingredients but the water in a 
plastic jar. The jar contained 1-inch diameter balls 
from a standard ball mill, 6 balls per 800 grams of 
material. The jar was rotated until the ingredients 
were well mixed, after which the ingredients were 
placed in a mix muller with the water and further mixed 
until a plasticized batch was attained. The batch was 
extruded several times through a noodle die to dis 
tribute the agglomerate particles throughout the 
mixture. The compositions of Examples 2, 3 and 6 were 
extruded through a die to produce honeycomb shapes having 
200 square openings per square inch with a wall thick- 
ness of 12 mils. The compositions of Examples 4 and 5 
were extruded through a die to produce honeycomb shapes 
having 400 square openings per square inch with a wall 
thickness of 5 mils. Honeycomb shapes of each example/ 
composition were heated at various temperatures between 
1000°-1200°C for four hours to sinter the ceramic 
material. Agglomerate particles of Example 1A were also 
separately heated so that their characteristics could be 
ascertained. The physical characteristics, according 
to heating temperatures of the monoliths and agglomerates 
above, are shown in Table B. 
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EXAMPLE 7 

93.3 parts by weight of the alumina and 6.7 parts 
by weight of the silica used in example 1 were dry 
mixed, and the mixture then blended with sufficient 
5 distilled water to form a thick slurry, after which 9.0 
parts by weight of cerium nitrate were added. The 
resultant slurry was dried at about 175°C to form a 
hard cake, which was then crushed into particles, 
-100 mesh. The composition of the agglomerates, calcu- 
10 lated after ignition loss, is 87. 0% Al^; 8.37% Si0 2 ; 
4.6% CeO z . 
EXAMPLES 8-10 

In these examples, compositions of the following 
ingredients were prepared, as described below in Table 
15 C, for the fabrication of honeycomb monolithic supports. 
Figures represent parts by weight. 
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TABLE C 



EXAMPLE 8 



6.0 
12.7 
12.7 



INGREDIENT 

Methyl Cellulose 

Distilled Water 

Isopropyl Alcohol 

Sodium Stearate — 

Kaolin (Hydrite R , 
Georgia-Kaolin Co.) — 

Pre-reacted cordie- 
rlte, -100 mesh 
powder 52.0 

Low surface-area 
alumina ( Reynolds - 
152 DBM) 

Mullite/aluminum ti- 
tanate solid solution 
(50/50) pre-reacted , 
m.p.s.* 7.0 microns — 

Mullite-zirconia grain 
Carbomul HM, -200 mesh 
powder, Carborundum Co.) — 

Alumina, Alcoa F-l 

-325 mesh powder — 

Zirconia, 5 micron 
particles — 

Silicone Resin, Dow 

Corning Q6-2230 16.0 

High surface area 
gamma-alumina ag- 
glomerates 

Alcoa F-l, -100 mesh 
powder, 210 m2/g 32. O 

Alcoa H-151, -100 

mesh powder, 390m 2 /g — 

Example 7 Agglomer- 
ates ra.p.s. 72 
microns — 



EXAMPLE 9 EXAMPLE 10 



4.0 
14.1 
14.1 

0.5 

6.65 



5.12 



42.82 



16. 0 



29.4 



6.0 
53.3 

0.5 
11.0 



33. 0 
9.11 
9.94 



36.8 



* median particle size. 
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For each example, the compositions were formu- 
lated by combining all ingredients but the water and 
isopropyl alcohol (Exs. 8 and 9) in a Littleford 
intensive mixer. The ingredients were mixed until a 
5 substantially homogeneous dry mix was attained, after 
which the mixture was transferred to a mix muller and 
combined with the water and alcohol until a plasticized 
batch was attained. The batch was extruded several 
times through a noodle die to distribute the agglomerate 
10 particles through the mixture. The compositions were 
then extruded through a die to produce honeycomb shapes 
having 200 square openings per square inch with a wall 
thickness of 12 mils. Honeycomb shapes of each 
example/composition were heated at various temperatures 
15 between 1000°-1200°C for six hours to sinter the ceramic 
material. Agglomerate particles of Example 7 were also 
separately heated to determine the effect of temperature 
on their surface area. The physical characteristics, 
according to heating temperatures, are shown in Table D. 

TABLE D 

Example Heating Tempi («C.) BET Surface Area (m /g) 



8 



10 



1O00 


130 
96 


lioo 


1150 


32 


1200 


lOOO 


31 


L1O0 


8 


1150 


1200 




lOOO 


35 


1100 




1150 


1.8 


1200 


1000 
1100 


55.9 
36.1 


1150 
1200 


26.7 
15. 0 
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CLAIMS: 

1. A method of producing particles of a high surface 
area agglomerate comprising: 

(a) mixing into a substantially homogeneous body 

(i) a porous oxide having a surface area 
2 

5 of at least 20 m /g selected from the group 

consisting of alumina , silica , spinel, titania, 
zeolite, zirconia, and mixtures of these; and 
(ii) a binder for the oxide, 

(b) drying the body; and 

10 (c) forming the body into particles having a 

median diameter of 50-250 microns . 

2. A method of preparing a monolithic catalyst 
support having a first substantially continuous ceramic 
support phase and a second discontinuous support phase 

15 

of high surface area embedded therein comprising: 

(a) mixing into a substantially homogeneous body 

(i) a porous oxide having a surface area 
2 

of at least 20 m /g selected from the group 
consisting of alumina, silica, spinel, titania, 

20 

zeolite, zirconia, and mixtures of these; and 
(ii) a binder for the oxide; 

(b) drying the body; 

(c) forming the body into particles having a 
median diameter of 50-250 microns; 

25 

(d) mixing 15-50 parts by weight of the particles 
so formed, 50-85 parts by weight of a ceramic 
support material, in particulate form, and 3-20 
parts by weight of a binder; 

(e) forming the mixture of step (d) into a 
30 honeycomb shape; and 

(f) heating the shaped mixture at a temperature 
sufficient to sinter the ceramic material. 
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3. A method as claimed in claim 1 or claim 2 

characterised in that the mixing step (a) is 
performed using 5-60 parts by weight of binder per 
100 parts by weight of porous oxide. 

5 4. A method as claimed in any of claims 1 to 3 

characterised in that the binder is a silicone resin, 
polymerized furfuryl alcohol , methyl cellulose, 
polyvinyl alcohol, or mixtures of these. 

5, A method as claimed in any of claims 1 to 4 
10 characterised in that the porous oxide is a spinel 

or a mixture of alumina and silica, the binder is 
polymerized furfuryl alcohol, and in which mixing 
step (a) includes the sub-steps of (1) mixing the 
alumina and silica into monomer ic furfuryl alcohol, 
15 and (2) contacting the mixture so formed with an 
aqueous inorganic acid to polymerize the alcohol. 

6. A method as claimed in any of claims 1 to 5 
characterised in that the porous oxide has a surface 
area of at least 60 square meters per gram of weight. 

20 7. A method as claimed in any of claims 2 to 6 

characterised in that the ceramic material is 
cordierite, mullite, clay, talc, zirconia, zirconia- 
spinel, alumina, silica, lithium aluminosilicates, 
alumina-zirconia composites, or mixtures of these, and 

25 in which the ceramic material has a particle size 
finer than 200 mesh. 

8. A method as claimed in claim 7 characterised 
in that the ceramic material contains a component 
capable of causing microcracking to occur in the 

30 ceramic support phase. 

9. Method of preparing a monolithic catalyst support 
having a first substantially continuous ceramic support 
phase and a second discontinuous phase of high surface 
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area embedded therein comprising: 

(a) mixing (i) 15-50 parts by weight of 

particles having a median diameter of 50-250 

microns , which particles are comprised of 

5 a porous oxide having a surface area of at least 

2 

20 m /g selected from the group consisting of 
alumina, silica, spinel, titania, zeolite, 
zirconia, and mixtures of these, (ii) 50-85 
parts by weight of a ceramic support material 
10 in particulate form, and 3-20 parts by weight 

of a binder; 

s. 

(b) forming the mixture into a honeycomb shape; 
and 

(c) heating the shaped mixture at a temperature 
15 sufficient to sinter the ceramic material. 

10. A method as claimed in claim 9 characterised 
in that the sintered ceramic phase consists of 
cordierite, mullite, clay, talc, zirconia, zirconia- 
spinel, alumina, silica, lithium aluminosilicate, 
20 alumina-zirconia composite, or mixture of these. 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



I 



rnbftf 



EP 86 30 1313 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of retevam passages 



to claim 



CLASSIFICATION OF THE 
APPUCATrON(lnt-Cl4) 



EP-A-0 012 063 (NUCLEAR 

CONSULTING SERVICES) 

* Claims 1,2; page 2, lines 13-16 



1,3,4 



B 01 J 37/00 
B 01 J 35/04 



GB-A-1 565 800 (ICI) 

* Claim 1; page 2, lines 47-52 * 

GB-A-2 091 239 (TOYOTA) 
FR-A-1 555 969 (SHIKISHIMA) 



2,5-7, 
9,10 



2,5-7, 
9,10 



TECHNICAL FIELDS 
SEARCHED <tnt CM* 



B 01 J 



The present search report has bean drawn up for aU claims 



Place of search 

THE HAGUE 



Date of completion of the search 

18-06-1986 



Examiner 

THION M.A. 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 
Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding ' 
document 



